Debates about the importance of marsh resources to prehistoric hwnan subsistence in the western Great Basin are longstanding. Recent questions regarding the natural vs.cultural origin offISh remains in lakeside archaeological sitesjllrther impede understanding of ancient subsistence patterns. Taphonamic study of a huge assemblage of tui chub (Gila bicolor) remains from an archaeological site in Stillwater Marsh, western Nevada, was undertaken to identify agents of depasition in marsh settings. The Stillwater fISh remains showed limited surface modification-cut marks, burning, and digestive etching and staining-and thus these attributes were not usejill indicators of origin. Fish mortality profiles, reconstructed by regression analysis of body size, indicates cultural selection of young/small fish rather than natural catastrophic mass death. The low survivorship of vertebrae in the chub assemblage suggests differential treatment of cranial and postcranial body part' by cultural agents. The Stillwater site fish assemblage represents a vast number of small fISh; the presence of small tui chub from archoeological sites throughout the western Great Basin suggests that prehistoric fishers targeted relatively small chub in the subsistence quest.
Fllure I. Map of Cano. Desert, weltera Nnad.. Ih~.llocatioD of Stillwater Manh. Rhode 1987; Thomas 1985) have advanced our understanding of prehistoric land use in marsh and upland environments (Bettinger 1993) . However, documenting the role of particular food resources in prehistoric subsistence has been hampered by nagging taphonomic questions about the origins of faunal materials in marsh and adjacent cave sites (e.g., Livingston 1988a; Smith 1985) . Recent events in the Carson Sink of western Nevada ( Figure I ) illusb'ate this condition. The archaeological record from the Carson Sink underwent a dramatic transformation resulting from extensive flooding of the basin during [1982] [1983] [1984] . Subsiding floodwaters exposed numerous pithouse features, burials, and dense artifact scatters and provided, at least for some researchers, compelling evidence for intensive Until recently, archaeological data available to evaluate questions of hunter-gatherer mobility strategies and subsistence components have been limited. Most of the empirical record was drawn from cave sites and, as Thomas (1985:28) has noted, these were excavated long before research focused on ecology and prehistoric lifeways. Detailed information on subsistence, seasonality of site use, and mobility strategies has been difficuh to extract ftom site records and excavated materials obtained from field techniques driven by questions of culture history (see Livingston 1988a for an important exception).
Severallarge-scale regional surveys and excavations in the western Great Basin over the past 15 years (e.g., Aikens et aI. 1982; Beck 1984; Bettinger 1975; G. T. Jones 1984; Kelly 1985;  and residential use of the marsh for multiple seasons, if not the entire year (Raven and Elston 1991; Raymond and Parks 1990) .
Exposure of the Stillwater Marsh sites has bolstered the view that wetlands could support residential bases during some periods in the past. However, specific understanding of the nature of marsh resource use based on faunal remains has been difficult given taphonomic concerns. Concern over the origin of the fish remains, which represent between 20 and 85 percent of the faunal remains in marsh sites, has been acute (e.g., Raven and Schmitt 1991) . As Raven and Schmitt (1991:56-57) recently lament "the role of fish in human subsistence remains poorly understood as most bones are complete, unburned, and show no evidence of partial digestion."
Such concern over fish bone origin is certainly reasonable. Indeed, the same floods that exposed the Stillwater archaeological sites suggest processes that might have naturally deposited fish carcasses in such locales in the past. The exceptionally high water flows into the Carson Sink in the early 1980s led to the tremendous population explosion of tui chub (Gila bicolor) (Rowe and Hoffman 1987) , the dominant fish taxon in marsh archaeological sites. Beginning in 1985, lake levels began to decline; water ceased flowing into the basin while evaporation continued, resulting in decreased water levels and high salinities. In January 1987, the lake froze, which probably raised salinities beneath the ice. During the winter of 1987, an estimated 7 million fish carcasses, primarily from tui chub, were found along 40 miles of the Carson Sink shoreline. Apparently the fish reached maximum salt-toleration levels and perished (Rowe and Hoffinan 1987) .
Water levels in the Carson Sink have fluctuated in the past (Benson and Thompson 1987; Morrison 1964) ; tui chub populations have undoubtedly experienced boom-bust cycles as well. It is not unlikely that bony remains resulting from carcasses stranded along lakeshores have become incorporated into lacustrine archaeological sites Raven and Schmitt 1991) .
The Stillwater Marsh archaeological record clearly holds promise for modeling the evolution of hunter-gatherer mobility strategies and prehistoric land use (Kelly 1988; Raven and Elston 1988; Raymond and Parks 1990) . However, in order to incorporate the faunal record into those models, we must devise ways of distinguishing between bone deposited by natural and by cultural processes (e.g., Schmitt 1988a). Here, I draw on recent analysis of fISh remains from one of the Stillwater sites (26CHI062) to assess the potential contribution of natural death and deposition to the Stillwater fish bone deposit. I evaluate multiple lines of evidence, including fish mortality patterns, bone surface modification, and body part representation to argue that a human agency is primarily responsible for the deposit. I then discuss the implications of these fmdings to our understanding of fish resource use in the western Great Basin. 26CHI062 is located in the Stillwater Marsh, one of a few existing wetlands situated on the floor of Pleistocene Lake Lahontan in the western Great Basin (Figure 1 ). Stillwater Marsh lies at 1,180 m asl in the Carson Desert of western Nevada, one of the lowest points in the region. The largest basin in the western Great Basin, the Carson Sink is a wide, flat valley characterized by sand dunes, alkali flats, and slightly alkaline marshes (Kelly 1988) . The desert receives water from the Carson River, which drains the eastern side of the Sierra Nevada Range in California, and, periodically, water from the Humboldt River, which drains mountain ranges in east-central and northeastern Nevada. Rainfall averages 123 mm/year.
Abundant research on the PleistoceneHolocene geomorphic history of the Carson Sink documents the dynamic nature of the drainage systems, water level, and wetland distribution over the past 13,000 years (e.g., Benson and Thompson 1987; Davis 1982; Morrison 1964; Russell 1885) . The earliest archaeological record from Stillwater dates to between 4,950 and 3,300 B.P. (Elston et al. 1988) . Elston et al. (1988) suggest that, during the past 5,000 years, the Stillwater region probably contained transitory shallow ponds, lakes, and marshes created by blowouts and dunes, which formed dams trapping water.
F~ of Fish Remains. Table I , 9,010 specimens representing ~ species of fISh were identified in the 3.2-mm samples from 26CHI062. Most of the specimens that could be identified to family are cyprinid; b1i chub is the only species of this family present. The remains in the Cyprinidae/Catostomidae category include fragmentary or eroded materials that could not be assigned to family or vertebrae that are difficult to distinguish between families.
To determine whether use of 3.2-mm mesh biased taxonomic recovery, I scanned six of the flotation samples with a low-power microscope. I was particularly concerned to know whether extremely small cyprinid species (e.g., Richardsoniw egregiw and Rhinichlhys osculw) might be present only in the fme-screen sample and thus focused analyses on pharyngeals (toothed branchial arches found in the back of the mouth), which are readily identified to species. Of the 114 pharyngeals identified in the flotation samples, only 4 (3.5 percent) represent speckled dace (Rhinichthys osculw), whereas the rest are from b1i chub. Thus, even if all the sediments had been screened with 1.6-mm mesh, b1i chub would still be the dominant fish taxon represented. Consequently, taphonomic and subsistence issues discussed below focus on this taxon.
Fish Mortality Pattens
Numerous workers have used age/size class profiles reconstructed from archaeological and paleontological faunas to identify exploitation strategies and to determine whether deposits represent a cultural or natural origin (e.g.. Frison 1978; Hoffecker et al. 1991; Klein and CruzUribe 1984; Lyman 1991; Noe-Nygaard 1983; Speth 1983; Stiner 1991) . Two theoretical models of population structure have been defmed for fossil populations. A population structure that resembles a typical living population. wherein successively older age classes contain pr0gres-sively fewer individuals. has a catastrophic age profile. Natural agents (i.e.. flash floods. volcanism. and epidemic diseases) and cultural procurement strategies (i.e.. bison traps) may produce a population structure with a catasb'ophic age pr0-file. Reconstructed fossil populations in which prime age adults are undeiTepiesented and young 26<;H 1 062 is one of over SO archaeological sites in the marsh area exposed by severe flooding from 1982 to 1986 undertook test excavations at five of the sites (Raven and Elston 1988) . Robert Kelly directed excavation at a sixth site, 26CHI062, which provided the fish remains I analyzed and describe here. Together these sites represent occupations dating between 3,200 and 650 B.P., based on projectile point types and radiocarbon dates (Raven and Elston 1988) . All of the sites are characterized by variably shaped depressions, including some probable pithouses (Raven and Elston 1988) . Faunal analyses have been conducted by Dansie ( 1987) , , Livingston (1988b), and Schmitt (1988b) .
26CHI062 is composed of five to six pithouse features and numerous smaller features. Excavated matrix was water-screened through 3.2-mm mesh. Residue from 18 flotation samples, which included all material retrieved in 1.6-mm mesh, also was available for analysis.
Preliminary sampling and analysis of the 3.2-mm screened matrix estimated over 290,000 fish remains in the excavated sample and the presence of only ~ species, tui chub (Gila bicolor) and Tahoe sucker (Catostomus tahoensis). Most of the remains were from tui chub. To obtain a representative sample of this voluminous assemblage, I drew a SO percent random sample of all ~cavation unitlevel bags; from each selected bag, 100 specimens were drawn. To ensure adequate representation of pithouse features, three unit-level bags from ~ of the pitbouse features ~ completely analyzed. Given the similarities in taxonomic and body part frequencies between these ~ samples, the results 'presented here are based on the combined samples. and old individuals are relatively more abundant have attritiOnal age profiles. Natura) causes for this population structure are starvation, accidents, Predation, and disease-factors that affect the most vulnerable members of the POPulation, the young and the old Cultural procurement may also exploit the most vuJnerable members of the POpulation through either capture of living individuals or scavenging of deceased animals that perished from other atb'itional factors.
In the context of this study, I suggest that the POPulation structure of a DaturaJ death assemblage of Wi chub WOuld have a catastrophic profile. AU age/size classes would be affected by shrinking lake levels and rising salinities. Tui chub in three age classes died during the winter [1986] [1987] are the mOSt abundant, members of such classes {s hould be the IDOst abundant in the fossil assem-th blage. The mortality pattern should reflect that of n the overall POPulation age/size structure. (It is be: POSSible that some Wi chub age cohorts are more plr likely to die from elevated salinities or reduced net water or oxygen levels than others. If this is the c ase, then the fossil population structure would swi vary from the catastrophic profile described caQJ Unfortunately, little is known about Wi chub be e physiology or developmental changes in Pbysiol:' T ogy to evaluate this POSSibility. Ideally, the theo-gene retical catastrophic profile of a natural Wi chub prod death assemblage could be compared to an empir-tribul ical one, generated from a study of the recent fish mods kin at Stillwater. However, information required numb to Create such a prorue [e.g., length frequencies, Th ages J was not coIJected.)
'""-. Based on a modem sample of tui chub (n = 143) collected from several locations in western Nevada, I performed regression analysis (Casteel 1976:95) using the variables opercle length (OL) (maximum length of anterior border of the opercle bone) and standard length (SL) (end of snout to end ofhypural bone) ( Figure 2 ). The exponential model was most appropriate (,2 = .985), providing the regression formula (natural logarithms):
log SL = 2.51260 + .90851(1og OL:
I then measured the OL of the 74 archaeological cyprinid specimens with the anterior border intact. Although most of these opercles probably are from tui chub, the element can be identified to family only on the basis of morphological criteria. Some of the opercles may be from speckled dace, given that dace was identified in the flotation samples and based on the extremely small reconstructed body sizes of the archaeological fish (see below). This analytic difficulty should not introduce much error into body size reconstructions, however, given the overwhelming predominance of tui chub in the assemblage. In addition, morphological similarity in opercles across family members suggests that the regression model should hold for other species in the family.
Using the regression equation obtained from the modern sample, I then calculated predicted standard lengths of the prehistoric fISh. As shown in Figure 3 , the reconstructed length frequencies of the fossil population are nonnally distributed with a mean of 89. 14 mm ($ = 18.60), ranging between 52.27 and 142.69 mm SL. As compared to the inset in Figure 3 , the fossil population structure bears no resemblance to a catastrophic profile. Extremely small fish «50 mm SL) and medium to large fISh (> 150 mm SL) are absent entirely.
How do these data correspond to gr~ and life history characteristics oftui chub? Chub may reach 20-40 mm SL in their first few months of life and grow to lengths of350 mm SL (Carlander 1969:394) , living to be over 30 years old (Scoppettone 1988) . The modem sample of Stillwater tui chub used in the regression analysis ranged from about 50 to 210 mm SL.
Whereas more detailed life history information has not been gathered for Stillwater Marsh fish, a recent age and growth study of tui chub in Eagle Lake, another relatively shallow water lake in the Lahontan system of northeastern California, pr0-vides some insights on the prehistoric sample from Stillwater. From seven gill net and minnow seine sets during June and July 1986 , Davis (1986 recovered over 800 tui chub, ranging in size from less than 20 mm to over 350 mm SL. He estimated the age of the individuals by counting annuli (growth rings) on the opercle (Scoppetone 1988) and calculated the mean body size (SL) by age class (Table 2) . Thus, fISh of 22 mm SL were recently hatched young of the year, those of91 mm SL had hatched the previous summer and ~ in the 1+ age class, chub with lengths of 141 mm were in the 2+ age class, and so forth (Table 2) .
If we can assume that the chub growth patterns for Eagle Lake and Stillwater Marsh are similar, then the body size data from the Stillwater archaeological sample suggests that fish primarily died toward the end of their first and during their second year. Fish representing the 0+ and 3+ age groups and older are absent. 1
If the 26CHI062 fish assemblage resulted primarily from natural mass death, we would expect a much lalger number of smaller young of the year and more of the larger individuals. The small mean body size and unimodal distribution of sizes suggests some selective mechanism of procurement. However, two 8na1ytic biases may affect the size of the fossil open:le measured and thus the reconstructed body sizes of the fossil population: screen mesh size used and differential breakage mediated by size.
suggests that the use of 3.2-mm mesh has introduced slight bias to the reconstructed body size distribution in the direction of larger fish.
It is possible that opercles of smaller, younger tui chub are less sturdy and thus might suffer higher attrition and fragmentation from destructive processes than opercles from larger chub.3 If larger or smaller opercles tend to be broken with greater than random frequency, then the sample of measured opercles may not adequately reflect the fossil body size distribution. Over 700 cyprinid opercles were identified from the 26CHI062 sample, whereas only 10 percent of these were complete enough to measure and include in the size class reconstructions. To examine the potential for bias introduced by differential breakage, I estimated original opercle size of the broken specimens as follows. I selected five opercles from the modem tui chub sample with opercle lengths measuring 5,10,15,20, and 25 mIn. Each of the broken fossil opercles were then compared to the opercles of known size and placed in the most appropriate size class category. For example, fossil opercles closest in size to the 5-mm opercle were placed in the OL category, 2.5-7.5 mm; fossil opercles closest to the 100mm opercle in sizẽ placed in the 7.5-mm to 12.5-mm OL cateBiases Opercles of extremely small fish could have been lost through the 3.2-mm mesh screen used during excavation. To examine the potential for such loss. I retrieved and measured opercles from eight of the flotation samples that were screened with 1.6-mm mesh. The size class distribution in the 1.6-mm mesh sample differs somewhat from that in the 3. gory, and SO forth. Over 400 of the fossil opercles were complete enough to assign to such size class categories (Table 3) . The frequency distn"bution of estimated body size (Figure 3 ) is somewhat affected by bone breakage, with larger specimens showing a greater tendency to be incomplete than smaller ones (Table 3) . Over 32 pen:ent of the complete, measurable opercles are in the smallest size class, whereas only about 14 percent of the incomplete specimens are from this class. About 17 percent of the incomplete specimens are from fish larger than 122 mm, whereas only about 5 percent of the complete, measurable opercles are from ftSh this large. Thus, the low frequencies of larger fish in Figure  3 in part may reflect dle fact that only complete opercles were used to generate that graph. Sizedependent breakage, however, does not explain the low frequencies of the smaller fish.
Screen mesh size and size-mediated breakage have affected the body size reconstructions to some extent. Use of 3.2-mm mesh biases body size in the direction of slightly larger fish, and differential breakage biases body size reconstruction in the direction of smaller fish. Neither of dlese biases, however. challenges the basic structure of Length (mm) j8eDda Rp~ted iD 3.2-mm mab (raedo. aDd l.6-mm the tui chub mortality prattle. The scarcity of younger fishes and the relatively narrow size range does not suggest catastrophic mass or nonselective death but rather indicates a form of selective mortality.
Surface Modification
Whether bone bas been burned, bears cut marks, and shows sign of digestion are other commonly used indicators of depositional origin (e.g., Balme 1980; Lyman 1982; McGuire 1980; Richter 1986; Schmitt and Sharp 1990; Shipman et aI. 1984; Smith 1985) . Although burned bone in an archaeological site can result from natural tIres (e.g., forest, grass fires), ifmultiple artifact classes and sediments do not show evidence ofbuming, it is reasonable to assume that cultural agents are responsible for the burned bone. However, even if cultural agents are responsible for the lire that burned bone, one would still need to consider the posSloility that cultural burning postdates the natUIal deposition of fish remains. Widespread burning is not indicated at 26CH 1 062. Thus, presumably, humans are responsible for the IIres, which in turn burned faunal materials. Of the 9,010 fish remains from The 26CH I 062 fish specimens do not exhibit any of the attributes that Smith describes. None of the fish remains are stained or acid-etched nor were organic-rich materials adhering to any of the bony specimens. Although the fish remains are relatively small, representing fish averaging about 90 mm SL, this small size simply indicates that such fish could have been consumed whole and not that they were.
Raven and Schmitt (1991) suggest that the lack of evidence of staining and digestive etching on most of the Stillwater fish remains indicates that the fISh were not ingested by humans, which in turn calls into question the cultural origin of the bones. As noted above, however, fISh bone that passes through the human digestive tract does not necessarily become stained or etched. I suggest that the variables controlling staining and acid-etching are more complex than previously conceived Thus, for the present, the absence of staining and acid-etching cannot be called upon to argue for a natural origin of the Stillwater fish remains. the site, 120 (1.3 percent) are burned. Relatively more postcranial elements and fewer cranial elements are burned than expected by chance events (Table 4 ; chi-square = 26.59, p = .0000), which may reflect differential processing of body parts. On the other hand, even if differential burning across body parts reflects cultural processing per se, such practices were not common. given the small proportion of burned specimens. Burning does not provide compelling evidence for cultural origins of the fish remains.
Cut marks, which would provide direct evidence for cultural processing, were not identified on any fish specimens. It is not known whether the absence of such marks results from limited butchering, limited contact of tools with bone, breakage tendencies of the bones themselves, or the fact that human agency was not involved in bone deposition.
Evidence for human ingestion of fish carcasses including the bones also has been used to infer cultural origin of fish remains in the western Great Basin Raven and Schmitt 1991; Smith 1985) . Archaeological evidence that prehistoric inhabitants of the western Great Basin consumed whole or partial tui chub comes from bones found in human coprolites (Follet 1967; Roust 1967) and chub remains inferred to be from coprolites based on digestive etching and other attributes (Smith 1985) . Based on his analysis of fish remains from Hidden Cave, Smith (1985: 173) described several attributes indicating ingestion, digestion, and defecation: dark-stained, acid-etched bone; adhering matrix of organic-rich substance that sometimes included bits of charcoal, hair, and other fibers; bones of uniformly small size; and overrepresentation of internal bones (e.g., vertebrae, pharyngeal teeth, and basioccipitals). Smith does not indicate whether these attributes are specific to human coprolites or whether fish remains from coprolites of nonhuman predators and scavengers could have similar attributes.
Smith's criteria may characterize some fISh bones that have passed through the digestive tract of a human or some other vertebrate. However, my recent analysis of fish bones recovered from a single human coprolite excavated by Robert Bettinger from Fish Slough Cave (Owens Valley,
Body Part Frequency
Body part frequency is commonly used to identify the agent(s) responsible for a particular fossil assemblage (e.g., Binford 1981; Binford and Bertram 1977; Brain 1981; Stiner 1991) . Such studies generally assume that different agents (e.g., birds, humans. water) modify or destroy particular classes of elements in distinctive ways. AJthough L~ (1984, 1985) and ~yson (1988) have cogently argued that the structural density (g/cm3) of bones is the ultimate cause of element destruction in most contexts, proximate causes may vary considerably across depositional contexts because of differences in the ways taphonomic agents procure and process carcasses.
I assume that while bone density plays a critical role in structuring fossil fish assemblages, there should still be non-density-m~iated differences in element representation between natural and cultural tui chub deposits because of major differences in the nature of the agents generating the deposits (Lyman 1984) . Carcasses resulting from natural mass death were presumably deposited whole along the shoreline as the water level declined. Such events were observed by biologists working at Stillwater after the recent tui chub population crash (Rowe and Hoffman 1987: Figure 10 ). AJthough scavenger birds and mammals no doubt assisted in die breakdown of fiSh carcasses and modified and destroyed bones, in situ weadiering was probably the main destructive agent. In these natural settings, the absence of a dominant taphonomic agent focusing on soft tissue anatomy should result in higher correlations between density and survivorship (Lyman 1984) .
In cultural settings, human processing and consumption of fish carcasses should significantly affect element representation (Butler 1993) . For example, ethnographic records of IlSh processing in the Great Basin (Fowler 1986 (Fowler :88, 1992 indicate that fish were often preserved by drying; both fresh and dried IlSh were further prepared by boiling or roasting in the ashes of the f1IeJ)lace (Fowler 1992:63; Kelly 1932:97) . Dried fish often were pulverized and added to other dishes (Fowler 1986:88) . At Stillwater Marsh. larger fish (Tahoe sucker and large tui chub) were dried on racks; although diey were split lengthwise to promote drying, they were not filleted (Fowler 1992:63) . At Pyramid Lake, only the Itllets obtained from cui ui (Chasmistes cujus) were preserved (Fowler 1986; Stewart 1941) .
Human consumption of whole or parts of fiSh may also affect element representation. The ethnographic record for Stillwater inhabitants, suggests that small fish (usually dried) were boiled whole in soups. . . . Their bones softened and they could be eaten whole if they had Dot disintegrated during boiling. . . . Small fresh fISh were baked in the ashes in packets made by placing them between two layers of cattail leaves . . . . 11ris process kept the fish clean and also softened the bones so they could be eaten along with the meat. [Fowler 1992:63] As mentioned above, the presence of tui chub bones in prehistoric coprolites indicates that some fish were consumed along with their bones. Based on analyses of 30 human coprolites from Lovelock Cave, FoUet (1967) identified 474 tui chub Pharyngeals representing a minimum of 298 IlSh. FoUet suggests that the fish represented in these coprolites come from fish 38 to 139 mm long, although he does not describe how such size estimates were made. He also argues that the well-preserved condition of the pharyngeals reflects that at least the heads of these fish had been eaten whole. Because pharyngeals alone were identified, the Lovelock data do not provide any estimates on overall element survivorship in coprolites. FoUet's report does provide clear evidence that at least some parts, the head including the bones, of small tui chub were consumed.
With a few exceptions (Fowler 1986) , ethnographic accounts do not specify whether heads and trunks were treated differently during processing. Previous ~rk on salmonid taphonomy suggests that differences in the distribution of meat and bones ~ the head and trunk in part structured the way these body parts were butchered and cooked, which in turn affected element survivorship of the ~ body parts (Butler 1993) .
If the StiUwater IISh fauna results from natural death and deposition, element survivorship should show a high correlation to bone density given the absence of a dominant taphonomic agent (e.g., humans) focused on soft tissue anatomy. If the fish fauna was generated primarily by cultural agents, element survivorship should show a much lower correlation to bone density given the variety of intervening factors, including cooking, butchering, consumption, and disposal, which may affect bones of the head and trunk in variable ways. Of course, chub assemblages originally produced by cultural or natural agents could be modified further by water sorting. Discrete elements or articulated parts could be moved away from the original site of deposition. The floodwaters of the 1980s that exposed the Stillwater archaeological sites probably moved materials found in those sites (Dansie 1987) , and past flooding episodes could have sorted exposed bone accumulations. Such transport would affect element representation and potentially obscure the distinctions described above. Controlled flume studies and field observations of mammal bone transport by water (Behrensmeyer 1975; Voorhies 1969 ) and field observations of natural fish bone accumulations on lakeshores exposed to differing amounts of wave action (Stewart 1991) suggest that water effectively sorts bones by their density, size, and shape. For example, Stewart's (1991) study of modern natural fish bone accumulations on the shore of Lake Turkana, Africa, found that collection locales exposed to the greatest wave activity had a disproportionately high number of dense elements. In the context of this study, a high correlation between bone density and element survivorship could just as easily reflect natural death and deposition (no aqueous transport) as cultural use and deposition (followed by water sorting).
Interpretations of the bone density-element survivorship relationships discussed below will bear these issues in mind.
Element survivorships for the 26CHI062 assemblage are based on identifiable remains from both the cyprinid and catostomid families of the Cypriniformes order. Because most of the vertebrae could not be identified to family, the more inclusive taxonomic category had to be used in order for the postcranial elements to be included in analysis. Given that over 96 percent of the assemblage is cyprinid, and virtually all of these remains are from tui chub, body part frequencies presented here primarily reflect that of tui chub. Element survivorships were detennined by fIrst calculating the minimum animal unit (MAU, Binford 1978) ; when the entire site was treated as an aggregate, the fish renlains provided a MAU of 520, based on the pharyngeal. I based MAU calculations on the minimum number of elements (MNE) (Bunn 1982) , which selects the best represented section of each element and counts the number of times it occurs in a given aggregate (Grayson 1988) . The MNE for vertebrae were based on the presence of 50 percent or more of the centrum. Element survivorships (percent MAU) were calculated by comparing the number of elements expected relative to the number observed (Binford 1984; Grayson 1988) . For example, with a MAU value of 520, we would expect 1,040 of each paired element in the skeleton. If only 250 dentaries or maxillae are present, their element survivorship would be 250/1,040, or 24 percent As shown in Figure 5 and Table 5 , element survivorship is extremely variable; several cranial and paired rm elements show moderate to very high frequencies (basioccipital, opercle, pharyngeal, cleithrum), whereas vertebrae and numerous other elements of the cranium and paired rIDS are scarce.
To examine the role of bone density in structuring body part representation in prehistoric fau- nal assemblages, Lyman (1984 , 1985 Lyman et al. 1992) , Kreutzer (1992) , ~d Butler and Chatters (1994) have measured the bone mineral content (g) of modern skeletal elements from artiodactyls, rodents, and saImonids by photon absorptiometl"y. Combined with estimates of bone volume, their values provide a valid ordinal measure of volume density (g/cm3)(sensu Lyman 1984) , which can be compared with rank-order element survivorships in prehistoric faunas to detennine the degree to which bone density structures body part representation. Although bone density data are not available for tui chub, Butler and Chatters have recently determined element densities for another species in the Cypriniformes order (Catostomus macrocheilus, family Catostomidae). I assume that density values for this taxon approximate those for the tui chub. Volume densities of 14 elements were deterDlined; representative cranial, paired 1m, and vertebral elements from live Catostomus skeletons ~ Studied. As shown in Table 6 , the rank orders of bone density and element survivorship are very different; the correlation is low and not significant (Spearman's rho = -.330, .50 > p > .20). The most striking discrepancy occurs with the opercle and cleithrum, which have close to the highest survivorship and yet the lowest densities. Similarly, the very high abundance of the pharyngeal is not predicted from its only moderately high bone density. The low correlation argues against the role of water action in modifying the assemblage; at least water did not differentially deposit or remove elements of particular density values.
As argued above, a low correlation between density and survivorship is expected if cultural agents in some way modified the faunal materials. The relative scarcity of vertebrae, which have close to the highest densities and yet survivorship of less than 20 percent, may result from differential processing of trunks versus heads. For example, if trunks were consumed and heads were not, or if trunks were cooked with the heads detached, digestion and cooking may lead to greater loss of vertebrae relative to some bones of the head. Given the small chub body size, the low correlation presumably is not explained by differential transport of carcass parts to the site (e.g., Lyman 1985) , although the scarcity of vertebrae may indicate that trunks and heads were consumed and deposited in different locations. Because we lack data on the specific effects of cooking and digestion on tui chub bone preservation, other scenarios are equally plausible.
Additional support for the argument that more vertebrae are expected in a natural deposit of cyprinid remains is provided by Stewart's (1991) recent analysis of natural fish bone accumulations from Lake Turkana. Based on analysis of cypriniform body part representation, Stewart suggests that cranial elements survive poorly, whereas vertebral elements survive very well. Although more specific comparisons between Lake Turkana and Stillwater are not possible because of differences in data organization and reporting, Stewart's results certainly indicate that vertebrae are relatively abundant in natural lakeside settings, which is contrary to that found at Stillwater.
Of course identifiability and recovery practices (Lyman and O'Brien 1987) also may affect element representation. Given the small body sizes represented, no doubt the relative infrequency of some elements is explained by the use of 3.2-mm mesh screens during excavation. To examine whether 3.2-mm recovery biased vertebrae representation in particular, I assessed element survivorships for selected elements within a single flotation sample. I included two of the most common cranial elements in the 3.2-mm fraction, the opercle and pharyngeal, and the vertebrae in analysis. These elements provide 436 MNE; element survivorship was based on the opercle, which produced a MAU value of 31 (Table 7) . Survivorship of vertebrae in the flotation sample is almost double that found in the 3.2-mm mesh, suggesting that a disproportionate number of vertebraeare lost through 3.2-mm mesh (at least relative to opercles and Pharyngeals) (Table 7) . However, survivorship of most vertebrae in the 1.6-mm mesh is still much lower than 50 percent, suggesting that recovery bias is not a major factor in accbunting for vertebrae scarcity.
In SUfi1, tui chub element survivorship is highly variable; some fragile elements of relatively low density (e.g., opercle, pharyngeal) are extremely abundant, whereas many other elements of relatively high density are scarce. Most of this variation is not explained by the intrinsic property of bone density. Although the scarcity of some elements may be explained by archaeological recovery practices, recovery bias does not completely account for the scarcity of vertebrae. Rather, vertebra scarcity is best explained by the actions of agents that differentially treat parts of the fish. Cultural agents seem to be the most likely candidate for this intervention.
Natural vs. Cultural Origin of Stillwater Fish Remains
Archaeologists working throughout the world are beginning to recognize that before we can examine evidence of human fishing strategies, we must be able to distinguish fish bone resulting from natural death and deposition from that deposited by cultural agents. Noe-Nygaard (1983) , for example, examined the contribution of natural fish kills in 3,OOO-year-old lakeside deposits in central Denmark. She posits that the fish remains result from cultural procurement based on the face characteristics are not necessarily useful indicators of depositional origins. The absence of such evidence at 26CHI062, then. does not undermine the argument for cultural origin of the fish bone. A variety of additional research would greatly increase our understanding of the contribution of natural fish kills in marsh sites. For example, controIled coIlection and analysis of fish remains deposited after the recent flooding in Sti1Iwater would allow detailed characterization of IlSh assemblages resulting from natural death and deposition (e.g., Butler 1990 Butler , 1993 Stewart 1991) . Also, as suggested by Raven and Schmitt (1991) , test excavation of marsh deposits free of prehistoric cultural materials would allow us to determine the likelihood of the deposition and preservation of natural fish bone outside archaeological contexts; if such deposits are located, they would help characterize natural fish bone assemblages. narrow size range of individuals represented and a similar season of capture of the fishes and mammals present. On the other hand, Richter (1986) argues that the extremely small fish remains from a coastal Danish Neolithic site were naturally deposited, based on collagen analysis, showing that the fiSh remains were not heated. Other investigators have used attributes such as bone discoloration and fragmentation, spatial distribution of faunal materials and their co-occurrence with unambiguous artifacts, as well as hominid dietary preferences to argue whether or not people were primarily responsible for a fish bone accumulation (Butler 1990 (Butler , 1993 Stewart 1991; Van Neer and Muniz 1993) .
Similarly, researchers in the Great Basin of western North America have begun to share this concern for fish bone origin in lacustrine, fluvial, and cave deposits and have started to develop approaches to assess taphonomic agents (e.g., Aikens and Greenspan 1988; Smith 1985) . My analysis of primarily tui chub remains from one site in the Stillwater Marsh sugg ests that humans are primarily, if not entirely, responsible for fish deposition at the site.
A relatively narrow size range of tui chub are represented in the bone bed, which is more suggestive of selective procurement than catastrophic mass death. In particular, the chub body size data suggest that mass harvesting techniques, involving the use of nets of small mesh size, were used to catch the fish. Hamley (1975) and other fisheries researchers (e.g., Gulland and Harding 1961; Jensen 1990; McCombie and Fry 1960) have shown that gill nets of specified mesh size are very selective of fish of partic~ar lengths. Furthermore, a disproportionately low frequency of vertebrae are present, which indicates that some intervening factors, such as cultural processing, may have affected body part representation. Bone surface modification has not helped sort out agents responsible for the fish remains. Importantly, the absence of evidence for human digestion and processing on the bone surfaces has been used to argue for a natural origin of fish remains from other Stillwater sites (e.g., Raven and Schmitt 1991). However, given our limited understanding of how fish bone is modified during digestion and cultural processing, bone surSmall Tui Chub-an Important Marsh Resource
As described in the introduction, the debate over the importance of marsh resources to prehistoric economies centers, in part, on the relative value of marsh versus upland resources. Livingston (1991) has recently marshaled archaeological avian faunal data and life history characteristics of waterfowl to argue that birds were an important subsiStence component to peoples of the western Great Basin over the past 5,000 years. Drawing on experiments with fISh procurement and processing and nutritional analyses, Raymond and Sobel (1990) and Lindstrom (1992) argue that fish would have provided rates of return (calories/hr) as high or higher than terrestrial resources (e.g., Simms 1987) , depending on fish body size, methods of processing, and other variables. In particular, Raymond and Sobel (1990) found that small schooling tui chub caught through mass harvesting (nets) had higher return rates than larger chub, because larger fish required more processing time.s Prehistoric evidence for the use of small tui chub is found in several western Great Basin cave assemblages, where Raymond and Sobel (1990) measured the lengths of whole desiccated tui chub REPORTS Basin. The results discussed here should assist with resolving some of the taphonomic ambiguity surrounding marsh assemblages. In addition, the regression model provided will allow reconstructions of fish body size, which will assist wittt interpretations of procurement strategies as well as evaluation of resource intensification models (e.g., Broughton 1994) and diet breadth models (e.g., Broughton and Grayson 1993; Madsen 1993) . Such models make predictions about foraging efficiencY and prey selection, factors at least in part determined by prey body size (e.g., that prey body size is positively correlated with prey rank: the larger the animal, the higher its rank and the greater its return rate). Importantly for tui chub, whether body size per se is an appropriate measure of prey rank may be questionable when mass harvesting techniques are emplqyed in capture. With increased chronological and taphonomic controls over fish assemblages from wetland and cave sites, we will be able to more clearly document the relative importance of fiSh of various sizes to prehistoric subsistence and how that use may have varied over time.
from cultural features. Chub in Stick Cave ranged between 75 and 122 mm in total length (mean 99 mm, n = 79), and Lovelock Cave tui chub ranged in total length between 43 and 130 mm (mean 75 mm, n = 51). Body size of the tui chub at Humbolt Cave were larger and more variable, ranging between 90 and 220 mm (mean 148 mm, n = 54).
Based on the relatively high return rates of small chub and the archaeological evidence for small chub use, the authors suggest that prehistoric fishers specifically targeted smaller chub in the subsistence quest.
Analysis of fish remains from Stillwater certainly indicates that tui chub, particularly small tui chub, were a major food resource to inhabitants of the Stillwater Marsh. The fish remains in the 26CHI062 assemblage represent over 85 percent of the identified vertebrate faunal remains (Livingston 1991; Schmitt and Sharp 1990) . Our sampling of the faunal assemblage suggests that over 290,000 fish remains were recovered during excavation; a small (but unknown) fraction of the site was excavated. Thus, the sampling and analysis of the fish remains suggest that literally hundreds of thousands of small tui t:.hub reside in the archaeological deposit. Such abundance supports the position that small tui chub were a key resource to prehistoric marsh inhabitants.
Many questions remain. How pervasive is this trend across environments and over time? Were small chub targeted by the earliest marsh and lakeside residents of the western Great Basin or has there been an increase in the use of small chub over time? Does the use of small chub represent a decline in foraging efficiency, an example of resource intensification, as Broughton (1994) has documented for the late Holocene of central California based on his study of mammalian and fish faunal assemblages? Did fish resource use vary across aquatic environments in the Great Basin (e.g., deep-water lakes, perennial streams, and marshes), which support different species of fishes with different life histories and growth characteristics? How would this variation constrain human subsistence scheduling and mobility patterns?
Answering these questions will require additional taphonomic analysis of faunal assemblages from other sites in Stillwater and the western Great
